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Hospitality may be a feeling, but in the case of host-pathogen interactions, it’s a feeling of being
unwell. Microbial visitors arrive without invitation and devise sneaky strategies for extending
their stays. This Select highlights progress toward understanding how pathogens evade host
defenses and showcases recent work aimed at improving detection and treatment of these unin-
vited guests.Aedes aegypti mosquitos (upper-left) carry
West Nile virus (upper-right), which generates
a pathogenic small RNA (below). Image credits:
J. Gathany, C. Goldsmith, and J. Kieft.Pathogenic Small RNAs: Fold ‘Em or Hold ‘Em
Flaviviruses, including Dengue, West Nile, and Yellow Fever, are RNA viruses
that produce high levels of short noncoding RNAs, known as subgenomic flavi-
viral RNAs (sfRNAs), which have been linked to various aspects of human dis-
ease. Dengue exploits a host cell enzyme called Xrn1, which is normally used to
degrade many RNAs. Xrn1 degrades most of the longer viral RNA, but a portion
of the RNA is resistant to degradation, and this comprises the sfRNA. To under-
stand how this is achieved, Chapman and colleagues combine experimental
and computational approaches to define the secondary structures in Dengue
sfRNAs that render them resistant to Xrn1 degradation. Their refined map of
the architecture of sfRNA revealed several discrete smaller domains that
contribute to resistance, including a critical three-helix junction. They extend
their structural studies to West Nile Virus and show that the resistance-confer-
ring structures are conserved. Moreover, they demonstrate that disruption of
the three-helix junction structure in vivo leads to a significantly decreased level
of the pathogenic sfRNA during infection. These results suggest that this struc-
ture, which can be disrupted by mutating a single nucleotide, may provide atherapeutic target. Developing such a drug, however, will likely require a deeper understanding of how the three-helix
junction prevents Xrn1 from degrading the sfRNA as well as more information about the downstream pathogenic effects of
the sfRNA.
Chapman E., et al. (2014). eLife 3, e01892.Plague-carrying fleas; those on the top row
have taken a fresh blood meal. Image by
F. Sebbane.Knocking Out Plague
Yersinia pestis, which causes the Black Death, or bubonic plague, enters its
host through the skin, commonly through a flea bite. The bacteria can then
spread to the lymph node and, finally, into the blood stream. The mechanisms
underlying these processes, however, are not well understood. In fact, the
presence of Y. pestis in the skin does not always lead to plague, and even if
the bacteria are present in the lymph node, this will not always lead to septi-
cemia. Pradel and colleagues provide new insight into these mechanisms
through a systematic analysis of Y. pestis genes that are upregulated following
host infection. They generated a knockout library and employed a pooling
strategy to evaluate several hundred genes. Collectively, their results indicate
that about a quarter of the genes tested are important for virulence. These
virulence genes fall into a variety of categories, including carbohydrate meta-
bolism, metal acquisition systems, and nitrosative stress response. Interest-
ingly, they also see evidence suggesting that the horizontal transfer of genes
is critical for Y. pestis to survive in the host skin environment. This catalog of
virulence genes, many of which are conserved in other pathogenic bacteria, will serve as a starting place for more in-depth
molecular studies of the disease-causing mechanisms of Y. pestis and ultimately lead to identification of potential antibiotic
targets.
Pradel E., et al. (2014). PLoS Pathog. 10, e1004029.Cell 157, May 8, 2014 ª2014 Elsevier Inc. 759
Arabidopsis thaliana plants trying to
stave off infection by P. syringae. Image
by C. Zipfel.Battling for Tyrosine Phosphorylation
Similar to animals, plants rely on pattern recognition receptors (PRRs) to initiate
downstream immune defenses via phosphorylation events when triggered by a
microbial molecule. Ser-Thr kinase PRRs are well studied, but less is known
about the role of Tyr phosphorylation in plant immunity. Macho and colleagues
demonstrate that the PRR EFR, which recognizes the bacterial elongation factor
Tu, undergoes Tyr phosphorylation, in addition to Ser/Thr phosphorylation, in
response to its ligand. Using site-directed mutagenesis, they identify one Tyr resi-
due that is particularly critical for mounting an immune response to bacterial
pathogens. To combat innate immunity, most pathogens secrete effector proteins
that dampen host signaling pathways. In the case of the common plant pathogen
Pseudomonas syringae, Macho et al. show that the conserved effector protein
HopAO1, which is a Tyr phosphatase, directly interacts with EFR and reduces the
level of phosphorylated EFR in vivo in the presence of the EF-Tu ligand. This may
reflect a general strategy, as the authors show that HopAO1 also interacts with
another PRR, FLS2, which recognizes bacterial flagellin. Furthermore, animal path-
ogens also secrete effector proteins with Tyr phosphatase activity, suggesting thatthe battle for Tyr phosphorylation is an evolutionarily conserved mechanism for mounting and evading innate immune
responses.
Macho A., et al. (2014). Science 343, 1509–1512.A blood plate with high (left) and low
(right) toxic MRSA growing on it. Image
by R. Massey.Sequencing Staph Infections
The bacteria Staphylococcus aureus, like many human pathogens, continues to
develop resistance to antibiotics. Methicillin-resistant S. aureus (MRSA) is prevalent
in hospitals, difficult to treat, and variable in its toxicity. The ability to sequence an
entire bacterial genome in a matter or hours could potentially revolutionize clinical
practices by quickly enabling tailored treatment regimens. Laabei and colleagues
take a step toward this goal in a recent genome-wide study of 90 MRSA isolates
from a clinically relevant strain, identifying novel genes involved in virulence and
developing an algorithm to predict highly toxic isolates. This is a significant feat, as
virulence is a complex phenotype affected by epistatic interactions and influenced
by the environment, factors that are not easily ascertained from genome sequence
alone. Nevertheless, the approach used by Laabei et al., which combined GWAS
with functional studies, confirmed the importance of some known virulence genes
and revealed a small number of genes associated with high toxicity that may act as hubs in virulence networks. Building
on these findings, they employ a machine learning algorithm to determine whether the genome signatures that they identified
are predictive of high toxicity and thus more likely to cause severe disease. Although they achieve modest success with their
model, the results highlight some of the challenges inherent in this type of approach. For example, epigenetics, which may
play a role in virulence, is not taken into account. However, other shortcomings with the method are likely to be alleviated
by increasing sample size, which would better capture rare genetic events and would allow the predictive model to be
extended to other strains.
Laabei M., et al. (2014). Genome Res. Published online April 9, 2014. http://dx.doi.org/10.1101/gr.165415.113.
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